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(54) Disk recording and reproducing apparatus 

(57) Conventional disk recording and reproducing 
apparatuses have addressed a shortcoming that they 
cannot correct squareness errors and misalignments 
caused by the warpage of a disk and the eccentricity of 
the center hole of the disk and of the center of curvature 
of signal tracks. To overcome this shortcoming, a disk 
recording and reproducing apparatus of the present in- 
vention comprises: magnetic bearing means (V1-V4, 
W1 -W4, Z1 , Z2) capable of supporting a rotary body (3) 
and adjusting a relative position of the rotary body; a 
pickup (7) for irradiating, with a laser beam, a recording 
surface of a disk (1 ) mounted on a table (2) arranged on 
the rotary body and receiving the laser beam reflected 
by the recording surface; detection means for calculat- 
ing a relative positional relationship between the disk 
and a focal position of the laser beam based on a signal 
from the pickup; and control means (23) for adjusting 
the position of the rotary body by controlling the mag- 
netic bearing means. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a disk record- 
ing and reproducing apparatus, and more particularly to 
a disk recording and reproducing apparatus which im- 
plements higher-speed rotation and higher-density data 
recording. 

[0002] Further, the present invention relates to a disk 
recording and reproducing apparatus which corrects at 
least one of a squareness error and a misalignment on 
a disk recording and reproducing apparatus basis, 
which further allows such a correction to be made even 
on a disk basis, and which still further allows the square- 
ness to be automatically maintained at zero even in a 
high-double-speed disk recording and reproducing ap- 
paratus that rotates disks at high speeds. 
[0003] Still further, the present invention relates to a 
disk recording and reproducing apparatus whose focus 
adjusting mechanism is downsized. 
[0004] The principle of a disk recording and reproduc- 
ing apparatus will be described briefly based on FIGS. 
1 and 2. In FIGS. 1 and 2, an optical disk 1, such as a 
CD (Compact Disk) or a DVD (Digital Versatile Disk), is 
rotated about the shaft of a rotary body 3 by a spindle 
motor 5. A pickup 7 is provided in order to irradiate the 
signal recording surface of the disk 1 with a laser beam 
and to receive the laser beam reflected by the signal 
recording surface. "Squareness" means a deviation val- 
ue (or a nominal value of the squareness every prede- 
termined time) obtained when the angle formed be- 
tween the optical axis 9 of the laser beam irradiated from 
the pickup 7 and a predetermined range of the recording 
surface of the disk 1 is out of 90 degrees. 
[0005] On the other hand, in order to search certain 
pieces of data recorded on the disk 1, the pickup 7 is 
moved along a guide rail (not shown) in such a manner 
that the pickup 7 moves in parallel with the disk 1 and 
that the optical axis 9 of the laser beam is directed to- 
ward the outer circumference from the inner circumfer- 
ence of the disk 1 . During this movement of the pickup 
7, it is ideal that if the center of curvature 11 of signal 
tracks formed on the recording surface of the disk 1 is 
positioned on an extension of the locus of movement of 
a point at which the optical axis 9 of the laser beam 
crosses the recording surface of the disk 1. It occured, 
however, that the center of curvature 1 1 is out of position 
(hereinafter referred to as -misalignment") due to the 
problems encountered when the apparatus is manufac- 
tured and the like. 

[0006] The term "misalignment" is defined as being a 
distance between the extension of the locus of move- 
ment of the point at which the optical axis 9 of the laser 
beam crosses the recording surfa.ce of the disk 1 and 
the center of curvature 11 of the signal tracks formed on 
the recording surface of the disk 1 . In order to make cor- 
rect signal recordings and/or signal readings, values of 



squareness and misalignment are required to be main- 
tained within their tolerances. 

[0007] To meet this requirement, a conventional disk 
recording and reproducing apparatus is constructed as 

5 follows. A tilt adjusting mechanism 1 3 such as shown in 
FIG. 3 is provided on a table of the spindle motor 5, and 
the mechanism 1 3 is adjusted during the manufacturing 
process. Or a tilt servo control means for controlling the 
direction of both the whole pickup 7 and its guide rail 

io and the like is provided. The tilt servo control means 
maintains the squareness at zero by detecting the 
squareness while signal recordings and/or signal read- 
ings are being made. Further, a misalignment adjusting 
mechanism (not shown) for adjusting the direction of the 

is guide rail of the pickup 7 is also provided, and this mech- 
anism is adjusted during the' manufacturing process. 
[0008] However, there has been the disadvantage 
that the conventional tilt adjusting mechanism 13 and 
misalignment adjusting mechanism can correct square- 

20 ness errors and misalignments caused by profile errors 
and assembling errors of the rotating mechanical parts 
of the disk 1 and of the driving mechanical parts of the 
pickup 7 on a disk recording and reproducing apparatus 
basis, but squareness errors and misalignments caused 

25 by the warpage of a disk and the eccentricity of the cent- 
er hole and of the center of curvature of the signal tracks 
cannot be corrected. 

[0009] Further, since the conventional tilt servo con- 
trol means has to change the direction of the whole pick- 

30 up 7 and the direction of the guide rail of the pickup 7 
and the like, it needs to handle a large inertia of its con- 
trolling object, and hence the response of its control sys- 
tem is slow. Therefore., in a high-double-speed disk re- 
cording and reproducing apparatus that rotates disks at 

35 high speeds, there arises the disadvantage that such 
means does not allow the squareness to be automati- 
cally maintained at zero. 

[0010] On the other hand, FIG. 4 is a schematic con- 
ceptual diagram showing the whole conventional disk 

40 recording and reproducing apparatus. Further, FIG. 5 is 
a schematic diagram showing the construction of a disk 
that allows data to be recorded and reproduced in two 
layers in one direction. The disk 1 has data recording 
layers 14 and 15 within its translucent film 12. A disk 

45 type determination/switching/reading unit 37 can deter- 
mine the type of a disk, such as a C D or a DVD, to switch 
modes and reproduce data recorded on the disk. 
[0011] The disk 1 is driven to rotate by the motor 5 
through the rotary body 3. The rpm of the rotary body 3 

so is adjusted by a rotary servo 25. The pickup 7 irradiates 
the data recording layers 1 4 and 1 5 with a laser beam, 
and receives the laser beam reflected by the recording 
surface of these data recording layers 14 and 15. 
[0012] Generally, in the conventional disk recording 

55 and reproducing apparatus, in order to read data record- 
ed on the disk 1 : the focus of the pickup 7 needs to be 
adjusted as shown in FIG. 5, and thus a focus servo ac- 
tuator 21 is provided in the pickup 7 to implement such 
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a focus adjustment. 

[001 3] Further, in order to read the data on the disk 1 , 
a tracking servo actuator 24 is also required to be pro- 
vided. The actuator 24 serves to move the objective lens 
of the pickup 7 in the radial direction of the disk 1 . Thus, 5 
the pickup 7 has two types of actuators, the actuators 
21 and 24. 

[0014] Still further, the fact that the pickup 7 incorpo- 
rates therein two actuators has imposed the problems, 
e.g., that it is hard to downsize the apparatus and that 
measures need to be taken against heat derived from 
the actuators. 

[0015] Still further, the conventional disk recording 
and reproducing apparatus uses bearings, such as ball 
bearings, which come in mechanical contact with the ro- 
tary body 3 for supporting the rotary body 3 arranged at 
the center of the disk 1 , and this has prevented the disk 
1 from rotating at so high a speed. 
[0016] Still further, when bearings such as ball bear- 
ings involving mechanical contact are used, the rotary 
body 3 is subjected to deflections caused by its rotation 
due to, e.g., the facts that the rotary body 3 is out of 
balance and that there is a clearance between the rotary 
body 3 and the bearing. 

[0017] A solution to these problems could be the use 
of bearings such as gaseous bearings, so that mechan- 
ical contact can be avoided. 

[0018] However, even when gaseous bearings are 
used, a problem is still found that the bearing of this type 
is hard to be controlled actively unlike a bearing utilizing 
a magnetic force. For this reason, the use of gaseous 
bearings gives no substantial improvement for the de- 
flection of the rotary body 3 compared with the use of 
bearings involving mechanical contact such as ball 
bearings. Thus, even with the use of gaseous bearings, 
the deflection of the rotary body 3 and the like still im- 
pose the problem that the data recording density cannot 
be improved. 

SUMMARY OF THE INVENTION 

[0019] The present invention has been made in view 
of these conventional problems. An object of the inven- 
tion is, therefore, to provide a disk recording and repro- 
ducing apparatus which corrects at least one of a 
squareness error and a misalignment on a disk record- 
ing and reproducing apparatus basis, which further al- 
lows such a correction to be made even on a disk basis 
as well, and which still further allows the squareness to 
be maintained within a prescribed tolerance, e.g., zero 
even in a high-double-speed, disk recording and repro- 
ducing apparatus that rotates disks at high speeds. 
[0020] Further, another object of the present invention 
is to provide a disk recording and reproducing apparatus 
which downsizes a focus adjusting mechanism and im- 
plements high-speed rotation and high-density data re- 
cording. 

[0021] To achieve the above objects, the present in- 



vention provides a disk recording and reproducing ap- 
paratus comprising: magnetic bearing means capable 
of supporting a rotary body and adjusting a relative po- 
sition of the rotary body; a pickup for irradiating, with a 
laser beam, a recording surface of a disk mounted on a 
table arranged on the rotary body and receiving the laser 
beam reflected by the recording surface; detection 
means for calculating a relative positional relationship 
between the disk and a focal position of the laser beam 
based on a signal from the pickup; and control means 
for adjusting the position of the rotary body by controlling 
the magnetic bearing means. 

[0022] Further, the detection means comprises 
squareness detection means for detecting a square- 
ness formed by an optical axis of the laser beam irradi- 
ated from the pickup with respect to a predetermined 
range of the recording surface of the disk, and the con- 
trol means adjusts a tilt of the rotary body by controlling 
the magnetic bearing means in such a manner that the 
squareness detected by the squareness detection 
means is maintained within a prescribed tolerance. 
[0023] Still further, the detection means includes 
squareness detection means for detecting a square- 
ness formed by an optical axis of the laser beam irradi- 
ated from the pickup with respect to a predetermined 
range of the recording surface of the disk, and misalign- 
ment detection means for detecting a distance between 
an extension of a locus of movement of the optical axis 
of the laser beam accompanied with a movement of the 
pickup toward the center of rotation of the disk and the 
center of curvature of signal tracks on the recording sur- 
face of the disk, and the control means adjusts the rel- 
ative position of the rotary body by controlling the mag- 
netic bearing means in such a manner that both the 
squareness detected by the squareness detection 
means and the distance detected by the misalignment 
detection means are maintained within prescribed toler- 
ances. 

[0024] Still further, the control means adjusts the po- 
sition of the rotary body in an axial direction by control- 
ling the magnetic bearing means in such a manner that 
the recording surface of the disk coincides with the focal 
position of the laser beam irradiated from the pickup. 
[0025] Still further, the magnetic bearing means has 
at least one of an electromagnet and a permanent mag- 
net for magnetically adjusting the position of the rotary 
body in the axial direction. 

[0026] Still further, the magnetic bearing means com- 
prises at least electromagnets or permanent magnets 
arranged at two different places in the axial direction of 
the rotary body for magnetically adjusting the position 
of the rotary body in a radial direction, respectively. 
[0027] Still further, there is provided rotation means 
for rotating the rotary body between the electromagnets 
or permanent magnets constituting the magnetic bear- 
ing means, the electromagnets or permanent magnets 
being arranged at two different places in the axial direc- 
tion of the rotary body for magnetically adjusting the po- 
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sition of the rotary body in a radial direction, respectively. 
[0028] Still further, the magnetic bearing means mag- 
netically adjusts the position of the rotary body at least 
in the axial direction or in the radial direction while gen- 
erating a rotating force as a result of a magnetic force s 
generated by an armature winding arranged on the ro- 
tation means being made out of balance by a magnetic 
force generated either by the magnetic bearing mean s 
for magnetically adjusting the position of the rotary body 
in the axial direction or the magnetic bearing means for 10 
magnetically adjusting the position of the rotary body in 
the radial direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

[0029] In the accompanying drawings: 

FIG. 1 is a schematic side view for illustrating the 
principle of a disk recording and reproducing appa- 
ratus; 20 
FIG. 2 is a schematic plan view for illustrating the 
principle of the disk recording and reproducing ap- 
paratus; 

FIG. 3 is a diagram showing a conventional tilt ad- 
justing mechanism; 25 
FIG. 4 is a schematic conceptual diagram showing 
the whole of a conventional disk recording and re- 
producing apparatus; 

FIG. 5 is a schematic diagram showing the con- 
struction of a disk; 30 
FIG. 6 is a diagram showing the construction of the 
main portion of an embodiment of the present in- 
vention; 

FIG. 7 is a diagram showing the construction of the 
main portion of an embodiment of the present in- 35 
vention; 

FIG. 8 is a diagram showing the positional relation- 
ship between a pickup and data recording layers of 
a disk; and 

FIG. 9 is a schematic conceptual diagram showing *o 
the whole of a disk recording and reproducing ap- 
paratus of the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0030] Embodiments of the present invention will now 
be described. 

[0031] FIG. 6 shows an embodiment of the present 
invention. In FIG. 6, a table (not shown) is fixed on top 
of a rotary body 3, and a disk 1 is placed on the table. 
Since this construction is the same as the conventionally 
embodied construction, it is not shown in the drawing. 
Further, in this embodiment, a pickup 7 irradiates the 
recording surface of the disk with a laser beam and then 
performs other operations similarly to the case shown 
in FIGS. 1 and 2, and thus those components are not 
shown in the drawing, either. 



[0032] In order to adjust the upper-side position of the 
rotary body 3 in the radial direction, upper-side radial 
direction position control electromagnets V1, V3. W1 
and W3 are arranged symmetrically so as to interpose 
the rotary body 3. Further, in order to adjust the lower- 
side position of the rotary body 3 in the radial direction, 
lower-side radial direction position control electromag- 
nets V2, V4, W2 and w4 are arranged symmetrically so 
as to interpose the rotary body 3. Still further, a metallic 
disk 27 is fixed to the rotary body 3. In order to adjust 
the position of the metallic disk 27 in an axis direction, 
axial direction position control electromagnets Z1 and 
Z2 are arranged. 

[0033] Note that permanent magnets can substitute 
for the upper-side radial direction position control elec- 
tromagnets V1 , V3, W1 and W3, the lower-side radial 
direction position control electromagnets V2, V4, W2 
and W4, and the axial direction position control electro- 
magnets Z1 and Z2 in all or in part. 
[0034] As a squareness detector and a misalignment 
detector, conventionally embodied detectors can be 
used, and thus they are not shown in the drawing. Sig- 
nals from the squareness detector and the misalignment 
detector are inputted to a rotary body position controller 
23. The rotary body position controller 23 controls the 
position of the rotary body 3 by adjusting the magnetic 
forces of the electromagnets V1, V3, W1, W3, V2, V4, 
W2, W4, Z1 and Z2 in such a manner that each of the 
squareness and misalignment values is set at zero 
based on the signals from the squareness deflector and 
the misalignment detector. The rotary body position con- 
troller 23 is equivalent to the control means. 
[0035] While the armature of a motor for driving to ro- 
tate the rotary body 3 is not shown in the drawing for 
purposes of simplicity, it is desirable to interpose the ar- 
mature between the upper-side radial direction position 
control electromagnets V1 , V3, W1 and W3 and the low- 
er-side radial direction position control electromagnets 
V2, V4, W2 and W4. However, an end face motor may 
be mounted on the side of the lower end face of the ro- 
tary body 3. 

[0036] Next, the operation will be described. 
[0037] The signals are inputted to the rotary body po- 
sition controller 23 from the squareness detector and the 
45 misalignment detector. In response to these signals, the 
rotary body position controller 23 controls the position 
of the rotary body 3 by adjusting the magnetic forces of 
the electromagnets V1, V3, W1, W3, V2 : V4, W2, W4, 
21 and 22 in such a manner that each of the squareness 
50 and misalignment values is set at zero. A series of ad- 
justing operations are constantly repeated while signal 
recordings and/or signal readings are being made. 
[0038] By the aforementioned method, squareness 
errors and misalignments caused by profile errors and 
55 assembling errcrs in the disk rotating mechanical parts 
and pickup driving mechanical parts are corrected, and 
at the same time, squareness errors and misalignments 
caused by the warpage of a disk and the eccentricity of 
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the center hole and of the center of curvature of signal 
tracks can be corrected on a disk basis as well. 
[0039] As a result, reliability in the signal recordings 
and/or signal readings can be improved. Further, com- 
pared with the conventional tilt servo control means, the 
controller 23 controls an object whose mass is smaller 
and thus its control system has a quicker response. 
Therefore, even in a high-double-speed disk recording 
and reproducing apparatus, the squareness can be au- 
tomatically maintained at zero. Still further since the ro- 
tary body 3 is supported in a noncontact manner, the 
disk 1 can be rotated at high speeds. 
[0040] By the way, to adjust the squareness, the tilt of 
the rotary body 3 is adjusted in such a direction as to 
make the squareness zero. Specifically only the upper- 
side position of the rotary body 3 in the radial direction 
or only its lower-side position of the rotary body 3 in the 
radial direction may be adjusted, or both positions may 
be adjusted. 

[0041] Further, the misalignment can be adjusted by 
parallelly moving the rotary body 3 in such a direction 
as to make the misalignment values zero, i.e., by adjust- 
ing both the upper-side and lower-side positions ol the 
rotary body 3 in the radial direction. 
[0042] By the way, while no mention has been made 
above, the position of the rotary body 3 in the axial di- 
rection is adjusted by the electromagnets Z1 and Z2. 
This adjustment is made so that the position of the rotary 
body 3 in the axial direction coincides with a prescribed 
reference value. Further, this adjustment may be also 
made by correcting position errors between the pickup 
and the recording surface of the disk which are caused 
when the tilt of the rotary body 3 has been adjusted, i. 
e., by correcting focal position errors of the pickup or the 
like. 

[0043] Note that the present invention can be applied 
to any of disk recording apparatuses, disk reproducing 
apparatuses and disk recording and reproducing appa- 
ratuses. 

[0044] Further, while the example in which both 
squareness errors and misalignments are adjusted has 
been described in the aforementioned embodiment, it 
may be so designed to adjust only squareness errors or 
only misalignments. 

[0045] Still further, the magnetic bearing means may 
be constructed so as to adjust only the upper-side or 
lower-side position of the rotary body 3 in the radial di- 
rection. For example, it may also be so designed that 
the upper-side position of the rotary body 3 in the radial 
direction is magnetically supported and adjusted by the 
electromagnets V1, V3, W1 and W3 shown in FIG. 6, 
and the lower-side position of the rotary body 3 is sup- 
ported using bearings other than the magnetic bearings, 
such as pivot bearings. 

[0046] However, if the magnetic bearing means is 
used to support the positions of the rotary body 3 in both 
radial and axial directions, the rotary body 3 can be sup- 
ported in a noncontact manner, and thus the rotary body 



3 can be rotated at the highest speed. 
[0047] Further, FIG. 7 shows the construction of the 
main portion of an embodiment of the present invention. 
In FIG. 7, a table 2 is fixed or integrally formed on top 

5 of the solid or hollow rotary body 3, and the disk 1 is 
mounted on the table 2. This construction is the same 
as the conventionally embodied construction. 
[0048] Further, since the pickup 7 irradiates a data re- 
cording layer 14 or 15 of the disk 1 with a laser beam 

10 and performs other operations similarly to the case 
shown in FIGS. 1 and 2, these components are not 
shown in the drawing. In order to adjust the upper-side 
position of the rotary body 3 in the radial direction, up- 
per-side radial direction position control electromagnets 

is 31 are arranged symmetrically so as to interpose the 
rotary body 3. The upper-side radial direction position 
control electromagnets 31 have radial direction position 
control windings arranged, respectively. 
[0049] Further, in order to similarly adjust the lower- 

20 side position of the rotary body 3 in the radial direction, 
lower-side radial direction position control electromag- 
nets 33 are arranged symmetrically so as to interpose 
the rotary body 3. Still further, the metallic disk 27 is fixed 
to the rotary body 3. In order to adjust the position of the 

25 metallic disk 27 in the axial direction, axial direction po- 
sition control electromagnets 35 are arranged. 
[0050] A motor 39 drives to rotate the rotary body 3. 
[0051] Next, the operation will be described. 
[0052] FIG . 8 shows a positional relationship between 

30 the pickup and the data recording layers of the disk. As 
shown in FIG. 8, the pickup 7 is not allowed to move in 
the axial direction of the rotary body 3. Instead, the ro- 
tary body 3 itself is moved in the axial direction while 
caused to magnetically float up, and positions the pickup 

35 7 so that the pickup 7 focuses its laser beam either on 
the data recording layer 14 or the data recording layer 
15 of the diskl. 

[0053] In order to detect the laser beam having been 
focused on a desired layer, a conventionally used meth- 

40 od such as a knife edge method or an astigmatism meth- 
od may be used. Base on the detection result, the axial 
direction position control electromagnets 35 are feed- 
back-controlled, thereby controlling the position of the 
rotary body 3 in the axial direction. 

45 [0054] Then, let it be considered that the laser beam 
is focused on the other data recording layer. In this case, 
the position of the rotary body 3 is moved In the axial 
direction using the axial direction position control elec- 
tromagnets 35 while its position in the radial direction is 

50 being maintained by the upper-side radial direction po- 
sition control electromagnets 31 and the lower-side ra- 
dial direction position control electromagnets 33. Thus, 
the rotary body 3 is positioned so that the pickup focuses 
its laser beam on the other data recording layer. 

55 [0055] To make a comparison with the conventional 
example with ease, the whole disk recording and repro- 
ducing apparatus of the present invention is schemati- 
cally shown in a conceptual form in FIG. 9. In FIG. 9, a 
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magnetic bearing control circuit/focus servo 41 is pro- 
vided in place of the conventional focus servo actuator 
21. That is, an axial direction position control mecha- 
nism in the magnetic bearing control circuit also func- 
tions as the focus servo. 

[0056] As a result of this construction, the convention- 
ally used lens moving actuator for allowing the pickup 7 
to focus its laser beam can be dispensed with, and thus 
the apparatus can be downsized. In addition, the pickup 
7 is no longer affected by the heat caused by the actu- 
ator being heated. 

[0057] According to the present invention, the func- 
tion of the conventional focus servo actuator 21 is im- 
plemented in the magnetic bearing section for magnet- 
ically supporting the rotary body 3 in the axial direction. 
Since the conventional disk drive also includes the bear- 
ings for supporting the rotary body 3, the magnetic bear- 
ing section in the apparatus of the present invention is 
not likely to increase the size of the apparatus remark- 
ably. 

[0058] Further, a magnetic bearing control circuit 
must be add it ion ally provided. However, such a circuit 
is constructed of an axial direction position control circuit 
and a radial direction position control circuit. Since the 
former control circuit is equivalent to the conventional 
focus servo actuator 21 control circuit, it is only the latter 
control circuit that is to be added thereto. Therefore : the 
apparatus is not likely to increase its size so largely com- 
pared with the conventional apparatus 
[0059] Note that permanent magnets can substitute 
for the radial direction position control electromagnets 
31 and 33. In this case, only the axial direction position 
control circuit is required in the magnetic bearing control 
circuit, and thus the construction of the magnetic bear- 
ing control circuit can be made substantially the same 
as that of the conventional apparatus. 
[0060] Further, by using the magnetic bearings, the 
rotary body 3 for rotating the disk 1 is supported in a 
noncontact manner, and thus mechanical contact resist- 
ance is eliminated and the disk 1 can be rotated at high 
speeds. Therefore, an (ultra) high-double-speed disk 
drive which could hardly be implemented by any con- 
ventional technology can be implemented. 
[0061] Further, since the magnetic bearings are con- 
trolled actively, the rotary body deflects less than in the 
case where conventional bearings are used. As a result, 
a data recording can be made at a higher density than 
with the conventional disk. 

[0062] Further, by using a bearingless motor in which 
a motor is integrated with magnetic bearings, it is ex- 
pected that the apparatus can be further function-inten- 
sive and downsized. Specifically for example, an elec- 
tric motor winding 39 is made independent of radial di- 
rection position control windings 31 and 33, and is 
wound over the windings 31 and 33, With this arrange- 
ment, the magnetic force generated by the electric mo- 
tor winding is made out of balance by the magnetic force 
generated by the radial direction position control wind- 



ings, which in turn generates such a rotating force as to 
magnetically adjust the position of the rotary body in the 
radial direction. 

[0063] Further, the following arrangement may be al- 

5 so made. The electric motor winding is made independ- 
ent of axial position control windings, and is wound over 
the axial direction position control windings. In addition, 
permanent magnets or windings are provided on the 
metallic disk. With this arrangement, the magnetic force 

10 generated by the electric motor winding is made out of 
balance by the magnetic force generated by the axial 
direction position control windings, which in turn gener- 
ates with respect to the metallic disk such a rotating 
force as to magnetically adjust the position of the rotary 

is body in the axial direction. 

[0064] While the motor 39 is interposed between the 
radial direction position control electromagnets 31 and 
33 in the above embodiment, the invention is not limited 
to this embodiment; an end face motor mounted on the 

20 side of the lower end face of the rotary body 3 as viewed 
in FIG. 7 may also be used. 

[0065] Further, permanent magnets can substitute for 
one, two or all the groups of the electromagnets 31 , 33 
and 35, or permanent magnets can substitute for only 

25 one part of the respective electromagnets. When per- 
manent magnets substitute for all the electromagnets in 
the respective electromagnets, the axial direction posi- 
tion of the rotary body 3 can be controlled by controlling 
the movement of the permanent magnets. 

30 [0066] Still further, the number of recording layers of 
the disk is not limited to two as in the aforementioned 
embodiment. The invention can be applied to a disk hav- 
ing a single recording layer, or a multi-layer disk having 
three or more recording layers. 

35 [0067] The present invention can be applied to any 
one of recording apparatuses, reproducing apparatus- 
es, and recording and reproducing apparatuses for op- 
tical disks such as CDs and DVDs. 
[0068] As described in the following, according to the 

40 present invention, the position of the rotary body at least 
at one point in the radial direction is magnetically adjust- 
ed so that squareness errors and/or misalignment val- 
ues are automatically maintained at zero or within their 
tolerances. Therefore, squareness errors and/or mis- 

45 alignments are corrected on a disk recording and repro- 
ducing apparatus basis, and at the same time, can be 
corrected on a disk basis as well. 
[0069] Further, since the control system for making 
this adjustment has a quick response, this adjustment 

50 can be also made on a high-speed disk recording and 
reproducing apparatus. 

[0070] Still further, by magnetically supporting and ad- 
justing the position of the rotary body in both radial and 
axial directions using the magnetic bearings, the rotary 
55 body can be supported in a noncontact manner, and 
thus the disk can be driven to rotate at high speeds. 
[0071] Still further, the magnetic bearings having a fo- 
cus adjustment function is used to support the disk, and 
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thus the apparatus can be downsized. In addition, the 
apparatus can implement high-speed rotation and high- 
density data recording. 

[0072] The aforegoing description has been given by 
way of example only and it will be appreciated by a per- 
son skilled in the art that modifications can be made 
without departing from the scope of the present inven- 
tion. 



Claims 

1. A disk recording and reproducing apparatus com- 
prising: 

magnetic bearing means (V1-V4, W1-W4, Z1, 
Z2) capable of supporting a rotary body (3) and 
adjusting a relative position of the rotary body; 
a pickup (7) for irradiating with a laser beam a 
recording surface of a disk (1) mounted on a 
table (2) arranged on the rotary body and re- 
ceiving the laser beam reflected by the record- 
ing surface; 

detection means for calculating a relative posi- 
tional relationship between the disk and a focal 
position of the laser beam based on a signal 
from said pickup; and 

control means (23) for adjusting the position of 
the rotary body by controlling said magnetic 
bearing means. 

2. A disk recording and reproducing apparatus ac- 
cording to claim 1 , wherein said detection means is 
squareness detection means for detecting a 
squareness formed by an optical axis of the laser 
beam irradiated from said pickup with respect to a 
predetermined range of the recording surface of the 
disk, and 

said control means adjusts a tilt of the rotary 
body by controlling said magnetic bearing means in 
such a manner that the squareness detected by 
said squareness detection means is maintained 
within a prescribed tolerance. 

3. A disk recording and reproducing apparatus ac- 
cording to claim 1 , wherein said detection means 
includes a squareness detection means for detect- 
ing a squareness formed by an optical axis of the 
laser beam irradiated trom said pickup with respect 
to a predetermined range of the recording surface 
of the disk, and misalignment detection means for 
detecting a distance between an extension of a lo- 
cus of movement of the optical axis of the laser 
beam accompanied with a movement of said pickup 
toward the center of rotation of the disk and the 
center of curvature of signal tracks on the recording 
surface of the disk, and 

said control means adjusts the relative posi- 



tion of the rotary body by controlling said magnetic 
bearing means in such a manner that both the 
squareness detected by said squareness detection 
means and the distance detected by said misalign- 
5 ment detection means are maintained within pre- 

scribed tolerances. 

4. A disk recording and reproducing apparatus ac- 
cording to claim 1 , wherein said control means ad- 

io justs the position of the rotary body in an axial di- 
rection by controlling said magnetic bearing means 
in such a manner that the recording surface of the 
disk coincides with the focal position of the laser 
beam irradiated from said pickup. 

75 

5. A disk recording and reproducing apparatus ac- 
cording to claim 1 , wherein said magnetic bearing 
means has at least one of an electromagnet and a 
permanent magnet for magnetically adjusting the 

20 position of the rotary body in the axial direction. 

6. A disk recording and reproducing apparatus ac- 
cording to claim 1 , wherein said magnetic bearing 
means comprises at least electromagnets or per- 

2S manent magnets arranged at two different places in 
the axial direction of the rotary body for magnetically 
adjusting the position of the rotary body in a radial 
direction, respectively. 

30 7. A disk recording and reproducing apparatus ac- 
cording to claim 6, further comprising rotation 
means for rotating the rotary body between said 
electromagnets or permanent magnets constituting 
said magnetic bearing means, said electromagnets 

35 or permanent magnets being arranged at two differ- 
ent places in the axial direction of the rotary body 
for magnetically adjusting the position of the rotary 
body in a radial direction, respectively. 

40 8. A disk recording and reproducing apparatus ac- 
cording to claim 7, wherein said magnetic bearing 
means magnetically adjusts the position of the ro- 
tary body at least in the axial direction or in the radial 
direction while generating a rotating force as a re- 

45 suit of a magnetic force generated by an armature 
winding arranged on the rotation means being 
made out of balance by a magnetic force generated 
either by said magnetic bearing means for magnet- 
ically adjusting the position of the rotary body in the 

50 axial direction or said magnetic bearing means for 
magnetically adjusting the position of the rotary 
body in the radial direction. 



55 



7 



BNSDOCID: <EP 0976826A2J_> 



EP 0 978 826 A2 



Fry. / 




BNSDOCID: <EP 0978826A2J_> 



EP 0 978 826 A2 




BNSDOCID: <EP 097B826A2_I_> 



9 



EP 0 978 826 A2 




BNSDOCID: <EP 0978826A2_L> 



10 



EP 0 978 826 A2 




BNSDOCID: <EP 0978826A2_I_> 



11 



EP 0 978 826 A2 




BNSDOCID: <EP 0978826A2J_> 



12 



EP 0 978 826 A2 




BNSDOCID: <EP 0976826 A2_l_> 



13 



EP 0 978 826 A2 




BNSDOCID: <EP 097B826A2__L> 



14 



EP 0 978 826 A2 




BNSDOCID: <EP 0978826A2_I_> 



1 $ 



Page Blank (uspto) 



(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 0 978 826 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

14.02.2001 Bulletin 2001/07 

(43) Date of publication A2: 

09.02.2000 Bulletin 2000/06 

(21) Application number: 99306231.4 

(22) Date of filing: 05.08.1999 



(51) lntci7: G11B 7/095, G11B 19/20 



(84) 


Designated Contracting States: 


• Namiki, Hirotaka, 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


c/o Seiko Seiki Kabushiki Kaisha 




MC NL PT SE 


Narashino-shi, Chiba (JP) 




Designated Extension States: 


• Shimada, Akira, 




AL LT LV MK RO SI 


c/o Seiko Seiki Kabushiki Kaisha 






Narashino-shi, Chiba (JP) 


(30) 


Priority: 05.08.1998 JP 22145998 


• Segawa, Yutaka, 




02.09.1998 JP 24863498 


c/o Seiko Seiki Kabushiki Kaisha 






Narashino-shi, Chiba (JP) 


(71) 


Applicant: SEIKO SEIKI KABUSHIKI KAISHA 


• Muto, Ikuo, c/o Seiko Seiki Kabushiki Kaisha 




Narashino-shi Chiba (JP) 


Narashino-shi, Chiba (JP) 


(72) 


Inventors: 


(74) Representative: Kenyon, Sarah Elizabeth et al 


• 


Ohtachi, Yoshinobu, c/o Seiko Seiki KK 


Miller Sturt Kenyon 




Narashino-shi, Chiba (JP) 


9 John Street 






London WC1N 2ES (GB) 



CO 

< 

CD 
CM 
00 

00 

o> 
o 

0L 
HI 



(54) Disk recording and reproducing apparatus 

(57) Conventional disk recording and reproducing 
apparatuses have addressed a shortcoming that they 
cannot correct squareness errors and misalignments 
caused by the warpage of a disk and the eccentricity of 
the center hole of the disk and of the center of curvature 
of signal tracks. To overcome this shortcoming, a disk 
recording and reproducing apparatus of the present in- 
vention comprises: magnetic bearing means (V1-V4, 
W1 -W4, Z1 , Z2) capable of supporting a rotary body (3) 
and adjusting a relative position of the rotary body; a 
pickup (7) for irradiating, with a laser beam, a recording 
surface of a disk (1 ) mounted on a table (2) arranged on 
the rotary body and receiving the laser beam reflected 
by the recording surface; detection means for calculat- 
ing a relative positional relationship between the disk 
and a focal position of the laser beam based on a signal 
from the pickup; and control means (23) for adjusting 
the position of the rotary body by controlling the mag- 
netic bearing means. 
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